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SHIVA newsletter #6 covers the activities and results obtained from January to July 2012. The main
activity during the last 6 months was the first analysis and interpretation of the wealth of data
obtained during the western Pacific campaign in Malaysia, Sept. - Dec. 2011.
Thanks again to the work package leaders and all contributors to this newsletter.
With our bests regards,
Marcel Dorf and Klaus Pfeilsticker

Report on activities within the individual Work Packages (WPs)

WP-1:

Management

Meetings: Summaries, minutes and presentations can be found on the Wiki


Aircraft campaign science meeting – March 13, 2012 at Frankfurt



RV SONNE science meeting – May 31 - June 01, 2012 at Kiel



The annual meeting 2012 and a half-day SONNE science meeting took place at Brussels on
July 04-06.



The final meeting will take place at the AWI Potsdam on June 19-21, 2013.



Second Conference for Regional Cooperation in Ocean and Earth Science Research
In the South China Sea (SCS), 22‐26 October 2012, Kuala Lumpur, Malaysia

Administration:


The EC agreed on the 12 month extension of the SHIVA project till June 30, 2013.



The second reporting period ended on June 30, 2012. The report and the financial
statements are about to be submitted.

Reminder:


The data protocol has to be signed by all campaign participants, Wiki users and everyone
who needs access to the SHIVA ftp server, where all the data will be stored. Please also
remind newly hired students to sign it.
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Measurements

A lot of activity in WP-2 during the past 6 months has involved working up and analysing the
numerous datasets collected during the SHIVA intensive field campaign in November/December
2011. Much of this work was shown at the recent SHIVA annual science meeting in Brussels on 4-5
July 2012. Copies of all talks are available on the SHIVA Wiki page. A few selected science highlights
from outside the main campaign are described below.
1. Update of tropospheric halon trends and global emission estimates (UEA)
The long term halon measurements from Cape Grim, Tasmania have been updated to include
samples collected up to mid-2011. As can be seen in Figure 2-1, the tropospheric mixing ratios of
three of the halon gases are currently declining, a result of falling emissions in accordance with the
Montreal Protocol. In contrast, the other halon, H-1301 or CF3Br, is still increasing, presumably a
result of continuing usage and leakage from the halon banks rather than fresh production.

Figure 2-1. Measured mixing ratios (ppt) of the halons from the Cape Grim air archive at UEA from
1978 to 2011 using the PLOT column (blue circles) and using the GASPRO column (black diamonds).
(a) H-1202 (UEA scale), (b) H-1211 (NOAA 2006 Scale), (c) H-1301 (NOAA 2006 Scale), (d) H-2402
(UEA scale). Solid red lines are the model fit to the measurements. Solid grey lines in b and c are
measured mixing ratios (ppt) from Cape Grim by NOAA (ftp://ftp.cmdl.noaa.gov/). Dashed grey lines
in b and c are measured mixing ratios (ppt) from Cape Grim by AGAGE
(http://cdiac.ornl.gov/ftp/ale_gage_Agage/AGAGE/).

The Cape Grim concentration records have been used to update global emission scenarios for all 4
halons (Figure 2-2). Emissions have decreased since their maxima in the late 1980s / early 1990s,
although this decline has slowed in recent times, particularly for H-1301 and H-2402 which have
shown no decrease in the past 5 years. The contribution of halons to total tropspheric bromine is not
currently declining because of the continued increase in H-1301.
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Figure 2-2. Model derived global annual emissions (Gg). (a) H-1202, (b) H-1211, (c) H-1301, (d) H2402. Cape Grim measurements (current work) – blue line; NOAA one box model derived emissions
(Montzka et al., 2011) – red short dashed line; AGAGE 12-box model derived emissions (Montzka et
al., 2011) – green dotted line; annual emissions reported by HTOC (2011) – black long dashed line.

2. Laboratory and coastal measurements (UEA, UM)
In September and October 2011 15 tropical seaweed species were collected from several sites on the
western coast of Peninsular Malaysia; including intertidal reefs, aquaculture sites, and mangrove
stands (see Figure 2-3).

Figure 2-3: Sampling locations for tropical seaweeds
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Triplicate samples were incubated at the University Malaya for 24 hours. A purge and cryo-trap-GCMS system was used to analyse seawater samples from the incubation flasks and determine
production of 9 halocarbons (CH3I, CH2BrCl, CH2Br2, CH2BrCl, CH2ClI, CHBr2Cl, CH2BrI, CHBr3, CH2I2).
Due the analytical set up CH3Cl and CH3Br could not be measured, but previous studies have shown
that production of these methyl halides from macroalgae is small and unlikely to contribute greatly
to global emission budgets. These experiments form the first dedicated study into halocarbon
production by tropical macroalgae. Currently this data is being used to try and determine the relative
importance of tropical macroalgae/farmed macroalgae in terms of halocarbon production in the
tropical coastal region. Other in situ measurements (whole air canister samples, denuder tubes, flux
chambers) were also taken at a variety of sites around Peninsular Malaysia with the aim to identify
other biological halocarbon sources such as sediments or mangroves.
Halocarbon production by tropical macroalgae showed large variability between species, but overall
the range of production values falls within the range typically observed for temperate and polar
species (see Figure 2-4). Tropical red seaweeds, which are commonly used for aquaculture, were
prolific producers of VSLS, including CHBr3.
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Figure 2-4: Halocarbon production rates for selected seaweed species

3. Satellite observations of BrO/Bry (UNIHB)
The Institute of Environmental Physics at the University of Bremen (UNIHB) further investigated
SCIAMACHY / Envisat limb scatter observations of BrO, NO2 and O3. In the present 3-D climatology of
BrO, version 3.3, a pointing correction algorithm was applied in the latitude belt between 40N and
40S. According to deliverable D-2.6 due on month 30, a global climatology of total inorganic bromine
(Bry) abundance in the lower stratosphere was inferred from the vertically resolved SCIAMACHY BrO
observations by scaling with Bry/BrO fields from a three-dimensional chemical transport model
(Aschmann et al., 2011).
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Figure 2-5: SCIAMACHY inferred zonal mean monthly mean Bry mixing ratios, averaged over 2003 to
2010.

References
Aschmann, J., B.-M. Sinnhuber, M. P. Chipperfield, and R. Hossaini, Impact of deep convection and dehydration
on bromine loading in the upper troposphere and lower stratosphere, Atmos. Chem. Phys., 11, 2671-2687,
2011.
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Emission inventories - Present and future scenarios

Future halogenated sea to air fluxes based on MPI-ESM LR (CMIP5) and CMAM (CCMs) scenarios
Franziska Wittke, Birgit Quack (GEOMAR)
Astrid Bracher, Tilman Dinter (AWI)
One objective of WP-3 is an estimation of halogenated emissions in a future changing environment.
The evolution of halocarbon air and seawater concentrations in a future climate is obscure, since the
current underlying biogeochemical controls on the environmental concentrations and their
development is hardly known. As a first approach future emissions are achieved by assuming current
oceanic and atmospheric climatological concentration estimates (Wittke and Quack, in preparation)
driven by simulated input parameters. The sea-air flux of the compounds is driven by the
concentration difference between seawater and atmosphere and their transfer-velocity, which is
parameterized by wind speed, applying sea surface temperature, salinity, wind speed and sea level
pressure as input parameters (e.g. Quack et al., 2004).
We use the input parameters sea surface temperature, salinity, wind speed and sea level pressure
from two different future model runs. MPI-ESM is a coupled earth–system model, developed at the
Max Planck Institute for Meteorology, Hamburg, Germany, created for the CMIP (Coupled Model
Intercomparison Project Phase) 5 for the 5th assessment report of IPCC (Intergovernmental Panel on
Climate Change) (http://ipcc-ar5.dkrz.de/home.htm). Figure 3-1 shows an overview of the MPI-ESM
model. This novel model consists of the following compounds; the atmospheric general circulation
model ECHAM6 is based on ECHAM5 (Roeckner et al. 2006) with T63 horizontal resolution and 47
vertical levels which is coupled with the ocean general circulation model MPIOM (Jungclaus et al.
2006) of a horizontal resolution between 12 and 150 km with 40 vertical levels; the land/biosphere
model JSBACH (Pongratz et al. 2010) and the biogeochemical model HAMMOC simulating the
biogeochemical processes in the ocean (Maier-Reimer et al. 2005). The simulated exchange of
information between ocean and atmosphere uses the coupler program OASIS. Additionally, a simple
carbon cycle is included into the model. Future runs are available for the time period 2006 - 2100.

Figure 3-1: Scheme of the MPI-ESM model.
(http://www.dkrz.de/Klimaforschung/konsortial/ipccar5/das-modell).
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Different Representative Concentration Pathways (RCP), (RCP 2.6, 4.5,6.0 and RCP 8.5 (Figure 3-2)
corresponding to an additional amount of radiative forcing in Watt per m2, are available for
investigation the climate effect of different greenhouse gas concentrations that may end up in the
atmosphere in 2100. They correspond to CO2 equivalent levels of 490 ppm, 650 ppm, 850 ppm, 1370
ppm in 2100 (van Vuuren et al. 2011). We used the scenario RCP 8.5, corresponding to an
enhancement in radiative forcing which exceeds 8.5 W/m2 in 2100 (equal to 1370 ppm CO2) in order
to estimate an extreme of expected fluxes.
In addition, we use the input parameter from the General Circulation Model CMAM (Canadian
Middle Atmospheric Model). CMAM is an upwardly extended version of the spectral third generation
atmospheric GCM (Scinocca et al., 2008). The resolution of the model increases from roughly 100m
near the surface to around 900m around the extra-tropical tropopause to 2.5km in the stratosphere
and middle troposphere. A comprehensive stratospheric chemistry with all relevant catalytic ozone
loss cycles is included in the CMAM model. REF-B2 simulations were coupled to the ocean general
circulation model (OGCM). REF-B2 is an internally consistent simulation covering 1960-2100, using
only anthropogenic forcings, assuming scenario SRES A1b for GHGs and decreases in halogen
emissions (adjusted Scenario A1). The OGCM has a horizontal resolution of 1.86° with 29 levels.
(Morgenstern et al., 2010). We extract the data for the time periods 2040-2049 and 2090-2099.
The data from the model, CMAM and MPI-ESM LR, are spatially extrapolated on a 1°x1° grid and
temporally averaged for 20 year periods, in order to fit the parameterized observed oceanic and
atmospheric concentration climatologies of the halogenated compounds. We used the concentration
maps of bromoform, dibromomethane and methyl iodide from Wittke and Quack et al. (in
preparation) calculated with the Robust Fit Method, simulating emissions with background data
omitting extreme values. Based on these datasets global emissions were calculated as in Quack and
Wallace (2003).
Global monthly means of total sea to air fluxes of bromoform, dibromomethane and methyl iodide
are shown in Figure 3-3. Both model projections, CMAM and MPI-ESM LR, show a future increase in
global VSLS emissions. Whereas, CMAM yields much lower future values especially for bromoform
compared to MPI-ESM LR (Table 3-1). We suggest the result could be related to lower sea surface
temperature and sea surface wind speed data (Figure 3-4). The input parameters of both models
show an enhancement of sea surface temperature and wind speed and a decrease of sea level
pressure and sea surface salinity. Bromoform emission exhibit the largest increase with ca. 25% (MPIESM LR) to the year 2100, compared to other related VSLS (Table 3-1). In contrast, the total global
sea to air fluxes of methyl iodide show the same low increase of ca. 5% for both models .likely due to
the already large super saturation of this compound and possibly on the basis of minor change in
future wind speed projection.
The past VSLS emission climatologies (Wittke and Quack et al., in preparation) from 1989-2011 have
similar magnitudes compared to the MPI-ESM LR model and the extrapolation to the past of the
CMAM model, as well. Therefore, both projections are suitable for future global VSLS emissions.
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(a)

(b)

(c)

Figure 3-3: 20 year averages of total sea to air fluxes of bromoform (a), dibromomethane (b) in
GmolBr/yr and methyl iodide (c) in GmolI/yr, calculated with the MPI-ESM (black) and CMAM (blue).
For the time period 1989-2011 a square is shown (Wittke and Quack et al., in preparation).
Outlook:
The current results give an idea of the projected change of halogenated fluxes in the future using one
CCMVAL and one CMIP4 model. One next step is the comparison of our future results with other
model runs. Further, we will analyse the latitudinal distribution of the VSLS emissions in the future.
Our focus was only on the influence on physical changes on VSLS emissions in the near future. We
will have a closer look on possible production rate changes of VSLS in the future, as well.
Furthermore, we are finalizing our paper (Wittke and Quack et al. (2012, in preparation) “Global sea
to air flux climatology estimates of CHBr3, CH2Br2 and CH3I”). Therefore, we analyse the uncertainties
of using climatological fields of wind speed, sea level pressure, sea surface salinity and sea surface
temperature for global VSLS sea to air flux calculations and the method itself.
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(a)
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(c)

(d)

Figure 3-4: Monthly averages of sea level pressure (a), sea surface wind speed (b) sea surface
temperature(c) and salinity (d) modeled by the MIP-EMS-LR (black) and the CMAM (blue) used for flux
calculation. The input parameter used for emission calculation by Wittke and Quack et al., in
preparation is shown with a square.
Table 3-1: Changes of future global VSLS emission in % using CMAM (ten year mean between 20402049 and 2090-2099) and MPI-ESM LR (20 year mean between 2006-2026 and 2086-2100) data.
CHBr3

CH2Br2

CH3I

Model

13.4

11.9

~5

CMAM

~25

13.4

5

MPI-ESM LR

The data are available from fwittke@geomar.de and can be used by the community models for the
estimation of future emissions and stratospheric input.
The compilation of existing air-and seawater measurements of halogenated hydrocarbons, especially
very short lived halogenated compounds (VSLS) into the HalOcAt data base, http://halocat.ifmgeomar.de, initiated in May 2009, is still continuing within SHIVA.
While the current air –sea fluxes of the above mentioned compounds are also available from
fwittke@geomar.de.
The phytoplankton time series of total biomass (from the GlobColour product) and different
phytoplankton groups (based on PhytoDOAS using SCIAMACHY data; see Bracher et al. 2009, Sadeghi
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et al. 2011; Sadeghi et al. 2012) have been prolongated until the end of the ENIVSAT mission in April
2012. Work testing the sensitivity of our retrieval with the new version of SCIATRAN which is now
coupled for atmospheric and oceanic radiative transfer (see Blum et al., 2012) is ongoing, as is the
validation with in-situ data. While comparison of PhytoDOAS phytoplankton groups’ data to similar
satellite products has been finalised (Sadeghi et al. 2011; Sadeghi et al. 2012). Now a nearly 10-yearly
monthly resolved dataset (2002-2012) as monthly averages is available in girds with 20 min. °
resolution. These datasets will be used by IFM-Geomar in order to calculate emission of bromoform
or CH3I over the global oceans. The direct relationship between phytoplankton group abundance and
bromoform emissions is studied using the campaign data measured and analyzed in WP2 of SHIVA.
For direct contact to our PHYTODOAS data products please contact astrid.bracher@awi.de.

Figure 3-5: Comparison of the PhytoDOAS retrieved coccoloithophore chl-a [mg m-3 ] (upper left
panel) with NOBM modeled coccolithophore chl-a (from Gregg et al., 2003; Gregg and Casey, 2007 lower left panel), haptophytes chl-a [mg m3 ] calculated from synoptic relationships of marker
pigments to surface chl and applied to SeaWiFS chl (method by Hirata et al. 2011, upper right panel)
and (third panel) and the global distribution of MODIS PIC [mol CaCO3m-3] (Balch et al., 2005, lower
right panel) in Apr/May/Jun. 2005. Figure from Sadeghi et al. (OSD 2011, revised).

References
Maier-Reimer E, Kriest I, Segschneider J, Wetzel P,(2005), The Hamburg Ocean Carbon Cycle Model
HAMOCC5.1 – Technical description release 1.1 Reports on Earth System Science 14., Available from
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Process studies - Transport and pathways

AWI has studied the effects of the low O3 values measured at the Transbrom Sonne cruise and the
‘’OH hole’’ implied by the measurements. Very low mixing ratios near the detection limit of O 3 were
measured during the TransBrom cruise with the RV Sonne (Figure 4-1), which implies low OH mixing
ratios. Calculations with the GEOS-Chem model (UNIHB) were able to reproduce the low ozone
values (Figure 4-2) and also showed very low OH values in the same area (Figure 4-3). Since many
species break down very efficiently by reaction with OH and the break down products are often
soluble and removed by washout, OH concentrations have a large effect on the composition of the
troposphere and on the amount of species that reach the stratosphere. The main source area of
stratospheric air and the low OH concentrations are geographically coincident (Figure 4-4), so that
the OH hole potentially plays a large role in the determination of the composition of the
stratosphere. As examples, the amount of CH2Br2 and SO2 that reach the stratosphere under
different OH conditions were calculated. For CH2Br2, lifetime increased from 55 days (standard OH)
to 188 days and for SO2, lifetime increased from 5 days to 18 days. Stratospheric aerosol surface area
was increased by 5%. 63% of air masses preserve more than 80% of the initial CH2Br2 under OH hole
conditions, while it is only 34% for normal OH conditions. A paper with the results has been
submitted to Nature (Rex et al., 2012).

Figure 4-1: Ozone sonde measurements during Transbrom Sonne cruise.

Figure 4-2: GEOS Chem tropospheric ozone column October 2009.
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Figure 4-3: Geos Chem OH columns October 2009.

Figure 4-4: Probability of residence in a certain area for trajectories in the troposphere that eventually
reach the stratosphere.
AWI developed a forecast system that was used for the planning of the campaign flights. Based on
ECMWF operational forecast data, a proxy for convection (integrated cloud ice) and several
measures for the air mass origin (e.g. pressures that air masses originated from 1, 2, … days before
the forecast date) were calculated for forecast dates from the actual day up to 5 days into the future.
A web interface was set up for easy access.
CNRS has begun using CCATT-BRAMS to conduct detailed chemistry and transport process studies
throughout the entire observing campaign, and to do more focused case studies during periods of
convection observed by the aircraft. CNRS also has the complete chemical output from the TOMCAT
global CTM runs by UNIVLEEDS and has begun using this output as initial and boundary conditions for
CCATT-BRAMS. A new chemical mechanism including aqueous phase chlorine chemistry in addition
to existing bromine chemistry has also been introduced. Using CCATT-BRAMS a series of simulations
of the meteorology was made throughout the entire campaign and during the chosen period for the
case study. The model performs adequately compared to observations during these periods. This
meteorology assessment is required to make reliable chemistry simulations. Detailed chemical
reaction schemes for the degradation of the VSLS bromoform (CHBr3) and dibromomethane (CH2Br2)
in clean and polluted atmospheres have been modeled using a 1D meteorological/tracer transport
model. A NOx pollution increases the production of the least soluble organic and inorganic species
(CBr2O,BrONO2) for CHBr3 degradation, implying those may be transported into the TTL in case of
deep convection. In contrast, CH2Br2 degradation produces negligible quantities of organics species
and the pollution leads to its lower lifetime, consequently increasing the production of inorganic
species (HBr, HOBr, BrONO2). By taking into account these results, new simplified degradation
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schemes for CHBr3 and CH2Br2 have been proposed. These results are published in Atmospheric
Environment (Krysztofiak et al., 2012).
The University of Leeds (UNIVLEEDS) has performed simulations using the TOMCAT/SLIMCAT global
chemical transport model (CTM) for the SHIVA campaign period (see www.see.leeds.ac.uk/tomcat).
Output from these full tropospheric chemistry runs has been supplied to CNRS in order for their
mesoscale model to be initialised. The two modelling groups are currently working in parallel in order
to perform a model-model-observation comparison of VSLS and other trace gases of interest in the
Western Pacific region. We are together evaluating various available emission scenarios for
bromoform and dibromomethane in both models.

References
Krysztofiak, G., V. Catoire, G. Poulet, V. Marécal, M. Pirre, F. Louis, S. Canneaux, B. Josse, Detailed modeling of
the atmospheric degradation mechanism of brominated very‐short lived species, Atmospheric Environment, in
press, 2012.
Marécal, V., M. Pirre, G. Krysztofiak, P. D. Hamer and B. Josse. What do we learn about bromoform transport
and chemistry in deep convection from fine scale modelling ?, accepted to Atmos. Chem. Phys. with minor
revisions.
Rex, M., T. Ridder, I. Wohltmann, R. Lehmann, D. Weisenstein, J. Notholt, F. Immler, K. Krueger, V. Mohr, S.
Tegtmeier, A Tropical West Pacific „OH Hole“ and Implications for Stratospheric Composition, submitted to
Nature, 2012.

WP-5: Stratospheric halogens - Analysis of measured trends and projections
BIRA updated the trend analysis of stratospheric bromine from ground-based UV-visible observations
at the Harestua (60°N, 11°E) station till December 2011 (see Figure 5-1). It should be noted that the
DOAS analysis has been improved through the use of the 342-359 nm wavelength range, a Taylor
expansion of the ozone optical depth (Pukite et al., 2010), and the O4 cross sections from Greenblatt
et al. (1990). When applying a statistical model with a linear trend and seasonal components, a
positive trend of +1.4±0.6%/year is inferred over the 1998-2001 period while a negative trend of 0.5±0.2%/year is found since 2001, further confirming that the trend of stratospheric bromine is
continuing to decline. By the end of the project, we will also update the trend analyses from
SCIAMACHY limb data collocated with the Harestua and OHP stations, in collaboration with UNIHB.
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Figure 5-1: Trend analysis of stratospheric BrO using ground-based UV-vis BrO observations at
Harestua.
A trend analysis has been performed on the Harestua ground-based data set using a multiple linear
regression model including appropriate geophysical forcings, i.e. solar flux, QBO, and the evolution of
the bromine sources. Figure 5-2 shows that the forcing by the sources is the only statistically
significant contribution to the signal. A statistically not significant residual trend of -0.3+/-0.2%/year
is found for the 1994-2011 period. This analysis provides further evidences that the trend of
stratospheric BrO is mainly driven by the evolution of the sources.
Relying on the good stability of the SCIAMACHY nadir total BrO column dataset (BIRA scientific
product), a long-term trend analysis has been initiated. The analysis exploits the data at high solar
zenith angles (>80°; in the polar region) – for which we have a high sensitivity to the stratosphere.
Preliminary results (see Figure 5-3) show a decreasing trend of -0.5 %/year of the BrO column over
the 2002-2011 period, in agreement with the estimates obtained so far from ground-based and
SCIAMACHY limb BrO observations. The next step is to further consolidate these results and to
extend the trend analysis to the GOME-SCIAMACHY merged data set covering the 1996-2011 period.

16

SHIVA Newsletter #6

July 2012

Contributions of the
forcings

Figure 5-2: Trend analysis results obtained by applying a multiple linear regression model to the
Harestua ground-based data set (upper plot). The contribution of the different forcings is presented in
the lower plot.

Figure 5-3: Trend analysis performed from the SCIAMACHY nadir total BrO column dataset (BIRA
scientific product). A simple linear regression model is applied to high solar zenith angle data which
have the largest sensitivity to the stratosphere.
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UNIHB compiled a global climatology of total inorganic bromine (Bry) in the lower stratosphere based
on SCIAMACHY / Envisat limb scatter observations of BrO. The 3D climatology of BrO was also
updated and corrected for pointing misalignments of the instrument in the early years of
observation. For Bry, we scaled the measurements with Bry/BrO fields from a three-dimensional
chemical transport model (Aschmann et al., 2011) according to Kovalenko et al. (2007). Although
constraind on the quality of the modelled bromine fields, the derived data product is consistent with
the current understanding of the dynamics and chemistry of brominated substances in the lower
stratosphere. At mid to high-latitudes of the boreal summer hemisphere, however, Bry may be
overestimated by 5 to 10 pptv.

Figure 5-4: Tracer correlation between monthly mean BrO and NO2 in 2009 as observed by
SCIAMACHY in limb viewing geometry (open symbols) and as modelled in Aschmann et al. (2011;
filled symbols). To guide the eye, least-square fits to the observational data are overlaid.

Figure 5-5: Tracer correlation between (a) SCIAMACHY inferred Bry and N2O from MIPAS (Michelson
Interferometer for Passive Atmospheric Sounding; operating onboard the same platform ENVISAT;
von Clarmann et al., 2009). Data are monthly averaged zonal means from 40S to 40N and from 18
km to 26 km. We gratefully thank Gabriele Stiller of IMK KIT Karlsruhe for providing the gridded
MIPAS N2O data set.
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WP-6:

Global modeling of VSLS, for the past, present and future

IFM/GEOMAR (Mohr/Krueger)
Lagrangian calculations were carried out for ERA-Interim from 1979-2011, REFB1 simulations from
1990-1999 for different coupled chemistry climate models (CCMs) within the CCMVal 2 project,
including E39CA (DLR, Oberpfaffenhofen, Germany), WACCM (NCAR, Boulder, USA), NIWA-SOCOL
(NIWA, Lauder, New Zealand) and CMAM (CMAM, Toronto, Canada). Furthermore, two REFB2
simulations for the same decade for NIWA-SOCOL and CMAM were added. Results of the calculations
are
the
geographical
distributions
of
the
Lagrangian
cold
points
(LCP).
The annual mean temperature of the LCPs between 10°N and 10°S has been analysed for the
different datasets (Figure 6-1). A slight increase from 1979 until 2011 regarding the ERA-Interim
dataset is visible. For the CCM data, the time period of 10 years is too short to identify trends in the
evolution of the LCP temperatures. Lowest LCP temperatures exist for the NIWA SOCOL REFB1 and
REFB2 simulations, highest LCP temperatures are simulated by the E39CA model. This is also in good
agreement with the results presented in the paper by Gettelman et al. (2010), analyzing the Eulerian
tropopause temperature changes of CCMs.
To examine the frequency of LCP occurrences, which represents the main entrance region of air
parcels travelling from the troposphere to the stratosphere, the LCPs are sampled inside 5° longitude
bins. The results (Figure 6-2) are averaged for the three main convective regions (West Pacific 120°180°E, West Africa 0°-40° E and South America 240°-330° E). The frequency of LCPs shows the highest
values over the Western Pacific for ERA-Interim re-analysis, which is comparable to previous
publications using ERA-40 data (e.g. Fueglistaler et al. 2005 and Krüger et al. 2008). However, also
the two other convective regions seem to play a role especially for the CCMs. More air masses
compared to ERA-Interim are simulated to enter the stratosphere over West Africa and South
America for the CCMs.
The work on analysing the tropical widening of the upper TTL (as well as LCP occurrence, TTL
residence time) is still ongoing. There will be also results available for changes of the TTL using REFB2
simulations.
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ULEEDS (Hossaini/Chipperfield)
The University of Leeds (UNIVLEEDS) has begun to investigate the troposphere-stratosphere
transport and chemistry of very short-lived species (VSLS) under 2100 conditions. Three time-slice
experiments using the UKCA chemistry-climate model (CCM) have been performed. For 2000
conditions, greenhouse gas (GHG) loading was prescribed according to the WMO A1 scenario. The
CCM, with various emission estimates for bromoform (CHBr3) and dibromomethane (CH2Br2), has
also been extensively validated against both aircraft and ground-based observations. For 2100
experiments, GHG loading was prescribed according to the Intergovernmental Panel on Climate
Change (IPCC) Representative Concentration Pathways (RCPs). Surface emissions of bromoform
(CHBr3), dibromomethane (CH2Br2) and other bromine-containing VSLS were fixed between 2000 and
2100.
We find the stratospheric source gas injection (SGI) of bromine-containing VSLS increases under both
RCP 4.5 (moderate climate change) and RCP 8.5 (high climate change). The enhanced SGI is largest in
the tropics due to enhanced convection, particularly over the West Pacific region. Changes to the
total SGI are mostly due to increased CHBr3 in the upper tropical tropopause layer (TTL). For CH2Br2,
whose primary sink is OH, the increase is significantly smaller due to increased OH in the TTL. Figure
6-3 shows the annual mean increase in the CHBr3 volume mixing ratio (vmr) at 17 km. A paper
describing these results will be submitted to Geophysical Research Letters soon (Hossaini and
Chipperfield, "A future increase in the stratospheric source gas injection of biogenic bromocarbons").

UCAM (Yang/Pyle)
UCAM has finished the whole atmosphere (troposphere+stratosphere) halogen development in
UKCA version CheST. Some bromocarbons emissions (especially for CH2Br2) were updated based on
comparison with observations. Several 20-year-long integrations have been performed to estimate
the total amount of bromine that will be transported through the tropopause into the stratosphere.
Our integration shows that the 5 very short-lived substances (VSLS) (CHBr3, CH2Br2, CH2BrCl,
CH2BrCl, CHBr2Cl) can contribute about 5pptv of inorganic Br to the stratospheric bromine burden.
The ozone response to the changes in the VSLS emission is a bit complex (see Figure 6-4) due to the
climate-chemistry feedback effects, which is still under further investigation. In general, comparing to
model run without the VSLS emissions, the atmospheric column ozone may reduce by several DU in
low latitudes and up to tens DU in mid-high latitudes. In addition to that, we are performing
experiments to investigate the VSLS impact under a warming climate (i.e. ~2100).
In addition to UKCA integrations, we have also performed trajectory calculations, using the NAME
dispersion model. Here, the aim was to investigate variability in transport of a CHBr3-like tracer from
the boundary layer to the TTL. In particular, transport to a small region of the TTL above Borneo, that
could conceivably be probed in detail by an aircraft during a measurement campaign such as SHIVA,
was considered. The amount of tracer reaching selected altitude ranges within this part of the TTL
was found to vary interannually in a manner consistent with the phase of ENSO, and vary day-to-day
by up to an order of magnitude. These results indicate that variability over a range of time-scales
needs to be considered when interpreting (or planning) measurements of VSLS. In all years, the littlesampled Western Pacific was found to be the major boundary layer source region to the TTL above
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Borneo. This finding suggests that more measurements of VSLS in the Western Pacific would help to
improve estimates of VSLS transport to the stratosphere.

Figure 6-1: Lagrangian cold point (LCP) temperatures of tropical troposphere-to-stratosphere
transport based on ERA-Interim and a range of coupled chemistry-climate models (see inset for color
coding).

Figure 6-2: Time-series of fraction of trajectories with LCP over the Western Pacific sector (top), Africa
(middle), and South America (bottom); for the same model runs as shown in Figure 6-1.
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Figure 6-3: Calculated 2100 increase in CHBr3 vmr from UKCA CCM experiments at 17 km under (a,
top) RCP 4.5 and (b, bottom) RCP 8.5.

Figure 6-4: Annual mean ozone change (in percentage) due to bromine-containing VSLS of
halocarbons (based on two UKCA-CheST runs, one with and another without VSLS emissions).
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