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SHIVA newsletter #7 covers the activities and results obtained from July 2012 to January 2013. The
main activity during the last 6 months was the further and in some cases final analysis and
interpretation of the wealth of data obtained during the western Pacific campaign in Malaysia, Sept. ‐
Dec. 2011. During the past months, a list of planned publications was discussed and abstracts were
collected to obtain an overview and to avoid overlap.
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
•

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

•

On January 8/9, 2013 a SC and data discussion meeting was held in Paris.

•

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

Administration:
•

January 2013 – reporting to the Malaysian, Bruneian and Philippine authorities.

Reminder:
•
•

A tentative list of planned publications is available on the SHIVA Wiki page and should be
updated regularly
Data upload to the SHIVA ftp server is ongoing. Most data is already quality proof and
available. An excel‐sheet giving an overview of the available data and what can be expected
in the near future can be found in the main folder.
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Measurements

1. SHIVA‐SONNE campaign and further ship‐based studies (GEOMAR)
In the last 6 months we analyzed results from the SHIVA SONNE campaign during 15 to 29 November
2011. In the South China and Sulu seas we expected high natural productivity of halogenated VSLS
(e.g. bromoform and dibromomethane) especially in coastal areas. The ship expedition took place
during the onset of the winter monsoon with moderate La Nina conditions. Thus, we observed higher
sea surface temperatures than air temperatures and prevailing NE winds with a moderate to strong
intensity. Pronounced convective activity was observed during November 16, 21 and 24, 2011. The
marine atmospheric boundary layer had a mean height of ~ 350 m along the cruise, as determined
from 6‐hourly radio soundings. Trajectory runs showed predominantly northern marine air mass
origins at the beginning of the cruise, which changed to a western origin, passing the coast of Borneo
and the Philippines from mid to the end of the cruise. CHBr3 and CH3I concentrations in atmosphere
and ocean show a different variability, while oceanic CHBr3 is generally elevated in coastal waters,
CH3I increases also offshore occasionally. Sources for CHBr3 and CH3I are identified in surface as well
as subsurface waters. Since a link between the marine atmospheric boundary layer and atmospheric
VSLS mixing ratios has been found for the Mauritanian upwelling in the eastern tropical Atlantic
(Fuhlbruegge et al., 2012), we will investigate this relationship for the SHIVA campaign area as well.
During the past 6 months of the project, additional fieldwork has been carried out by GEOMAR in the
framework of various other projects, which can be taken into account to support and evaluate the
conclusions of SHIVA. Below are first results from 2 projects:
An intense measurement campaign was performed from the GEOMAR pear into several areas of the
“Kieler Förde” from May through October 2012. “Kieler Förde” is a an approximately 17 km long
fjord that stretches into the Baltic Sea (Figure 2‐1). During these journeys the variability of
zooplankton was investigated in sea water during the productive season in order to identify sources
of short‐lived halogenated volatile organic compounds for the elevated surface sea water
concentrations.

Figure 2‐1: The Kieler Förde in the Baltic. (Foto: Klaas Ole Kürtz)
First results of the Master’s thesis of Sebastian Flöter from this fieldwork show that the main source
of the multiple brominated methane appears to be coastal brown algae, while some iodinated
compounds significantly increased in the decaying phase of a phytoplankton bloom. Finally the
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concentration of some chlorinated compounds where mainly influenced by river water inflow and
the variability of water temperature.
From December 1st to 26th, 2012, a ship cruise was conducted by GEOMAR within the framework of
the German research project SOPRAN (funded by the BMBF) into the eastern Pacific Peruvian
upwelling region leading from Callao to Callao (Figure 2‐2). The cruise aimed at assessing the
importance of upwelling water for the emissions of various atmospheric trace gases and the
tropospheric chemistry. The comprehensive measurement campaign did not only focus on the
ocean/atmosphere gas exchange, but also on the ocean biogeochemistry, atmospheric gas and
aerosol fluxes as well as atmospheric and oceanographic processes in the upwelling region off Peru.

Figure 2‐2: The proposed cruise track of the Meteor cruise M91 (Callao/ Callao; December 1st to 26th,
2012) within the framework of the German BMBF project SOPRAN.
The cruise served the first characterization of halocarbons in surface water and the vertical water
column of the Peruvian upwelling and the first determinations of halocarbon emissions from the
tropical Eastern Pacific. Besides intense halocarbon measurements in the ocean with an onboard GC‐
MS and atmospheric sampling of 198 air canisters (RSMAS), frequent radio soundings were
performed to determine the marine boundary layer height and other meteorological parameters.
The phytoplankton composition was determined including pigment concentrations with molecular
biological approaches. Other supporting measurements included colored dissolved organic matter
(CDOM), iodide and iodate, as well as particulate organic bromine, which was investigated for the
first time. After the analyses of the data in the following months, the results and findings from this
campaign will be made available to support the EU–project SHIVA.
2. Measurements of IO and I2 during the SHIVA‐Sonne cruise (UNIVLEEDS, UMAINZ)
The analysis of IO (University of Leeds LIF measurements) and I2 (University of Mainz coupled
diffusion denuder system) data was finalised and results were presented in poster number A51E‐
0106 at the AGU Fall Meeting in December 2012. A summary of IO and I2 measurements was given,
comprising mean and maximum daytime and nighttime IO and I2 mixing ratios. The daytime mean IO
mixing ratio was 1.2 pptv. A maximum of 2.4 pptv IO was detected when the ship was in the Sulu Sea.
Detection of IO on 10 out of the 11 nights during which the LIF instrument was operational during
the cruise is of interest (mean nighttime IO = 1.3 pptv; maximum nighttime IO = 2.4 pptv) and details
will be investigated further. The maximum I2 mixing ratio of 12.7 pptv was measured at night during
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the diurnal station near Kuching. I2 follows a diurnal profile as shown in the figure, with higher levels
detected at night.

3. Global maps of NO2, HCHO, and CHOCHO in support to the SHIVA campaign (BIRA)
The BIRA group has provided satellite maps of tropospheric NO2, HCHO, and CHOCHO vertical column
densities (VCDs) above South‐East Asia for the November‐December 2011 period in support to the
SHIVA campaign. HCHO and CHCHO are good indicators of NMVOC (non‐methane volatile organic
compounds) chemistry; NMVOCs being key species in the formation of tropospheric ozone and
secondary organic aerosols. NO2, which is one of the most important trace gases in tropospheric
chemistry, also participates in the photochemical formation of tropospheric ozone and contributes
locally to radiative forcing.
By the end of the project, we will investigate the consistency between airborne, ship‐, and ground‐
based DOAS measurements of HCHO, NO2, and CHCHO and satellite data. Aicraft profiles will be also
compared to the model profiles used for the calculation of tropospheric AMFs in the satellite
retrievals. A preliminary comparison shows that HCHO and NO2 spots are present in both satellite
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and aircraft data along the coast of Borneo around Bintulu on November 16, 2011 (see Figure 2‐4).
These high HCHO and NO2 spots can be related to the presence of oil platforms off‐shore from
Bintulu.

GOME-2 HCHO VCD (x1015 molec/cm2)

Figure 2‐4: Comparison between aircraft and GOME‐2 satellite NO2 (upper plots) and HCHO (lower
plots) measurements on November 16, 2011 (satellite data are averaged over the 10‐20/11/2011
period).
4. Phytoplankton from in situ and satellite measurements (AWI)
AWI work for SHIVA still focused on identifying and characterizing phytoplankton from in‐situ and
satellite data and its link to trace gas emissions. Work focused on four field campaigns:
1) Phytoplankton characteristics in the Western Pacific determined from in situ measurements
during the TRANSBROM Sonne cruise were summarized and a manuscript was submitted to
Biogeosciences (the paper also focuses on the link of phytoplankton to dimethyl‐sulfide emissions;
Zindler et al. 2012),
2) Phytoplankton pigment, group and size composition was analysed with HPLC and flowcytometric
techniques in water samples collected by GEOMAR during FS Maria S. Merian MSM 18/3 in the
Mauritanian Upwelling in Jun‐Jul 2011. The data were delivered to GEOMAR to further investigate
the link to in situ VSLS concentrations during the cruise.
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3) Within the German research project SOPRAN (funded by the BMBF) GEOMAR conducted a cruise
in the eastern Pacific to the Peruvian upwelling from 1.‐26. December 2012. GEOMAR brought
filtered and preserved samples for us which are co‐located with their in water VSLS measurements.
During the reporting period we prepared the phytoplankton sampling for the cruise and now we got
the samples back and will in the next reporting period derive phytoplankton characteristics regarding
pigment, group and size composition via HPLC, CHEMTAX and flowcytometric analyses.
4) Most of the work performed regarding SHIVASonne (SO2018) cruise: For all phytoplankton
parameters such as pigment concentration, functional group type and PSII efficiency (determined at
all water samples) were undergoing a detailed analysis to investigate the relationship between
phytoplankton, nutrients, environmental factors (wind, sea surface salinity ad temperature) and
different halocarbon species (as measured by GEOMAR). Significant (p < 0.05) relationships were
observed between the cyanobacterial marker pigment zeaxanthin, the group of cyanobacteria
without Prochlorococcus, and methyl iodide (CH3I), with Kendall’s coefficient at 0.45 and 0.44 looking
at all samples including their measured distributions at surface and in the water profile, respectively.
These results indicate that cyanobacteria contribute significantly to the production of CH3I in the
study area. In the depth profiles of bromoform (CHBr3), high concentrations were found to
correspond to maximum chl a concentrations (indicator of total phytoplankton biomass) and
maximum 19‐hexanoyl‐fucoxanthin (the marker pigments for haptophytes) layers observed in depths
between 20 and 60 m. Relationships studied for surface water samples only are a bit weaker than for
the depth profile measurements, but are still significant. The statistical analyses are based on
Kendall’s rank correlation, which examines the relationship between VSLS, phytoplankton groups’
marker pigments and total chl a concentration. Also the relationships of phytoplankton groups and
pigments to water temperature, salinity and surface winds were studied using Kendall’s rank
correlation; results only showed for salinity an inverse correlation to total chl‐a, especially to
cyanobacteria and a bit weaker correlations to the other phytoplankton groups. These results were
presented at the South Cina Sea Science Conference in Kuala Lumpur (Cheah et al. 2012).
Satellite monthly mean maps for Nov 2011 of biomass distributions of different dominant PFTs
(Phytoplankton Functional Types; with 30 km by 60 km spatial resolution) derived from
measurements of the satellite sensor SCIAMACHY on ENVISAT analyzed with PhytoDOAS, a method
of Differential Optical Absorption Spectroscopy (DOAS) specialized for diatoms, dinoflagellates,
coccolithophores and cyanobacteria (Bracher et al. 2009, improved by Sadeghi et al. 2012) agree well
with the in‐situ phytoplankton group data sampled during SHIVA‐Sonne (see Fig. 2 for cyanobacteria
and coccolithophores). Already during the last reporting period, validation of the HYGEOS‐POLYMER
MERIS satellite chl‐a data showed good correlations with collocated in‐situ chl‐a conc. obtained
during SHIVA‐Sonne (r2 of 0.77 for 24 co‐locations), but a general underestimation close to 50% by
the satellite product, which is even more pronounced for higher chl‐a conc. (>0.4 mg/m3).
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Figure 2‐5: Mean Nov 2011 cyanobacteria (upper level) and coccolithophore (a major group
belonging to haptophytes, lower level) chl‐a conc. derived from SCIAMCHY with PhytoDOAS method.
Plotted with the same color scale are the chl‐a conc. of cyanobacteria and haptophytes determined
via HPLC and CHEMTAX technique at water samples collected in Nov 2011 during the SHIVASonne
cruise
Currently our work focuses on converting the in‐situ radiometric measurements to remote sensing
reflectances in order to validate satellite remote reflectances and study further the particular
biooptical characteristics of the South China and Sulu Sea. The outcome of the analysis is expected to
result in improved satellite algorithms for deriving phytoplankton characteristics which than can be
used for inferring VSLS in water. For the upcoming final reporting period of SHIVA the phytoplankton
and ocean color results will be finalized and summarized in two manuscripts submitted within the
SHIVA ACP‐BG‐OS Special Issue. Phytoplankton relationships to VSLS will be included in a manuscript
lead by GEOMAR and current focuses on combining these results with satellite data in order to get
VSLS emission fields to be used for modeling the transport of halogens to the stratosphere.
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WP‐3:

Emission inventories ‐ Present and future scenarios

The “Global sea‐to‐air flux climatology for bromoform, dibromomethane and methyl iodide” has
been submitted on December 13, to the online journal “Atmospheric Chemistry and Physics” with
respect to consideration of publication, in order to improve emission inventory estimates. Global
sea‐to‐air flux climatologies of the three important short‐lived halocarbons bromoform,
dibromomethane and methyl iodide have been calculated based on surface oceanic and atmospheric
measurements within the HalOcAt database (https://halocat.geomar.de/) considering the time span
from 1989 to 2011. The high variability of VSLS (especially for CHBr3) in both ocean and atmosphere
is not explicable with any correlation to common parameterization however a coarse correlation of
productive and coastal regions to elevated bromocarbon concentrations exists. While correlations,
multiple linear regressions and polynomial fits with biological and physical parameters (e.g.
chlorophyll a, SST, SSS, SLP, mixed layer depth) to interpolate the data did not provide satisfying
results, the approach was simplified. We separated the ocean in different latitudinal bands and
applied (multiple) linear regressions between the compounds distribution and latitude and longitude.
The linear regressions reflect the underlying coarse distribution of the data and their longitudinal and
latitudinal concentration dependence within different biogeochemical and physical regimes appears
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as current best available approach for data analysis and interpolation. This approach is independent
of additional variables, reasonably reflecting the current knowledge about the compounds
distribution considering different biogeochemical oceanic regions and minimizes the creation of non–
causal characteristics. The existing open ocean water and atmosphere data were classified into 21
regions and interpolated onto a 1°x1° grid. The missing grid values are filled with different latitudinal
and longitudinal dependent regression techniques. With the climatological oceanic and atmospheric
surface concentration maps, global concentration gradients and sea‐to‐air fluxes were calculated.
The emissions estimate is used by various SHIVA‐partners. Our global sea‐to‐air flux estimates
improve the quantification of the oceanic contribution to the impact of brominated and iodinated
short‐lived substances on global (future) climate and ozone depletion. The manuscript is currently
still awaiting the assignment of an editor.
The objective of WP3 to estimate halogenated emissions in a future changing environment has also
been followed. The first future emission approach was achieved by assuming current oceanic and
atmospheric climatological concentration estimates (Ziska et al., 2012) driven by simulated input
parameters from the MPI‐ESM (a coupled earth–system model, developed at the Max Planck
Institute for Meteorology, Hamburg, Germany, created for the CMIP (Coupled Model Intercompa‐
rison Project Phase) 5 for the 5th assessment report of IPCC (Intergovernmental Panel on Climate
Change) (http://ipcc‐ar5.dkrz.de/home.htm ). 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 flux changes. In addition, input parameters from the General
Circulation Model CMAM (Canadian Middle Atmospheric Model) where used. The current results
give an idea of the projected change of halogenated fluxes in the future based on physical
parameters using one CCMVAL and one CMIP4 model. This future emissions estimate is also used by
various SHIVA‐partners. We will compare our future results with other model runs and analyze the
latitudinal distribution of the VSLS emissions in the future. We will further have a closer look on
possible production rate changes of VSLS in the future and also possible underlying biogeochemical
controls on the environmental distributions are investigated in a number of projects, to be possibly
able to develop proxies and parameterizations on easily accessible parameters for future projections.
In order to get proxies and parameterizations for VSLS concentrations and emissions, satellite
products of different phytoplankton groups have been developed. The composition and
concentrations of different dominant PFTs (Phytoplankton Functional Types) were derived from
measurements of the satellite sensor SCIAMACHY on ENVISAT analyzed with PhytoDOAS, a method
of Differential Optical Absorption Spectroscopy (DOAS) specialized for diatoms and cyanobacteria
(Bracher et al. 2009). This method has been improved for detecting four different types of PFTs by
using simultaneously fitting of the differential specific absorption spectra of each species to the
satellite measurement and the paper by Sadeghi et al. 2012 has been published within the reporting
period. These PFTs are diatoms, cyanobacteria, dinoflagellates and coccolithophores. Also within the
reporting period the whole SCIAMACHY data set (Aug 2002 until April 2012 when the ENVISAT
mission ended) has been analyzed with PhytoDOAS for all four PFT. These data are reasonably for use
at monthly mean and 0.5° grid resolution reflecting the coverage and pixel size of the SCIAMCHY
sensor. For the entire mission these gridded data have been calculated which are also available
visually as maps. These datasets will be used by IFM‐GEOMAR in order to calculate emission of
bromoform over the oceans. The direct relationship between phytoplankton group abundance and
bromoform emissions is studied using the campaign data measured and analyzed in WP2 of SHIVA.
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WP‐4:

Process studies ‐ Transport and pathways

AWI has continued to study 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 O3 were measured during the TransBrom cruise with the RV Sonne , which implies low OH
mixing ratios (see last report, results are submitted to Science, Rex et al., 2013). We were able to
confirm the low OH values by in situ‐measurements in the tropopause region during STRAT, a
campaign with the ER‐2 high‐altitude research aircraft from Hawaii, including O3, NO and OH (Figure
4‐1). Patches of air masses with extremely low ozone and NO were sampled (red circle in Figure 4‐1),
related to tropopause level advection from the convective outflow area in the West Pacific.
Backward trajectory calculations show that the measured air masses originate in the region of low
OH values in the Geos‐Chem model.

Figure 4‐1: OH versus solar zenith angle (SZA) for measurements above 11km during STRAT (10s
averages). Color indicates ozone mixing ratio. The black line represents the compact relation reported
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by Hanisco et al. (5). The red circle indicates air masses with extremely low ozone and OH. For these
air masses NO is also extremely low (below 108 molecules per cm3).
AWI has studied the influence of tropospheric OH on the transport of SO2 from the surface to the
stratosphere (Kremser et al., 2012). Backward trajectories from 400 K in the tropics were calculated,
and a simple box model containing only the reaction SO2+OH was run forward on all trajectories that
reached 800 hPa. More than 80% of the air masses outside the OH hole region lose more than 95% of
their initial SO2, while in the OH hole region, only 60% of the air masses lose more than 95% SO2. On
average, the amount of SO2 that reaches the stratosphere under OH ‘hole’ conditions is a factor of 3
higher than the SO2 abundances delivered to the stratosphere under the higher OH concentration
scenarios.
AWI has added new sulfur chemistry to the ATLAS model, including reactions of SO2 with O3 and
H2O2 in cloud droplets.
UNIHB has investigated the processes that control the supply of VSLS to the stratospheric bromine
loading in their 3D modeling framework. Results are presented in Aschmann and Sinnhuber (2012).

CNRS has used CCATT‐BRAMS to conduct detailed chemistry and transport process studies
throughout the entire observing campaign, and to do a more focused analysis for the case of the
19th of November 2011. This case study corresponds to the sampling of deep convection outflow by
the aircraft. CNRS simulations use the complete chemical output from the TOMCAT global CTM runs
by UNIVLEEDS and several different inventories for bromoform, including WP3 products. The
simulation results have been evaluated against meteorological and chemical observations from the
campaign. They show that convection removes most of the soluble inorganic and organic
degradation products. Among the bromine transported to the tropical tropopause layer for the
convection outflow studies on the 19th of November 2011, ~85% is from bromoform and ~10% from
inorganic degradation products and ~5% from organic degradation products. A publication on these
results is planned to be submitted to ACP soon.
By using the aircraft measurements, modelling (CCATT‐BRAMS and FLEXPART), pollution sources in
the Malaysia region are evaluated. The measurements include isoprene, CO, CO 2, CH4, N2O, NO2, SO2
as primary pollutants, O3 and HCHO as secondary pollutants, and meteorological parameters. This set
of trace gases can be used to fingerprint different sources of local and regional air pollution (e.g.,
biomass burning and fossil fuel burning, gas flaring on oil rigs, emission of ships and from urban
areas, volcanic emissions, and biogenic emissions). Individual sources and location can be identified
when the measurements are combined with a nested‐grid regional scale chemical and
meteorological model and lagrangian particle dispersion model (e.g., CCATT‐BRAMS and FLEXPART).
In the case of the former, emission inventories of the primary pollutants provide the basis for the
trace gas simulations. In this region, the anthropogenic influence on air pollution seems to dominate
over natural causes. For example, CO2 and CH4 often show strong correlations with CO, suggesting
biomass burning (see Figure 4‐2) or urban fossil fuel combustion dominates the combustion sources.
The study of the CO/CO2 and CH4/CO ratios can help separate anthropogenic combustion from
biomass burning pollution sources. In addition, these ratios can be used as a measure of combustion
efficiency to help place the type of biomass burning particular to this region within the wider context
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of fire types found globally. On several occasions, CH4 enhancements are observed near the ocean
surface, which are not directly correlated with CO enhancements thus indicating a non‐combustion‐
related CH4 source. Positive correlations between SO2 and CO show the anthropogenic influence of
oil rigs located in the South China Sea. Furthermore, SO2 enhancements are observed without any
increase in CO, indicating possible volcanic emissions from the Indonesian islands to the South and
East and the Philippines to the North East. The regional pollution seems to be influenced by
emissions from Singapore, Philippines, Indonesia and Peninsula Malaysia, and on occasion by
anthropogenic emissions from Thailand, Vietnam, Australia, and China. A publication on these results
is planned to be submitted to ACP special issue. In few months

Figure 4‐2: O3 measurements by UV‐O3 instrument (Top) and CO, CO2 and CH4 measurements by
SPIRIT instrument on 21 November 2011, second part of the flight.
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WP‐5: Stratospheric halogens ‐ Analysis of measured trends and projections
Work on the analysis of halogen budgets and trends continued during the past six months. For the
remaining period of the project the activities in WP‐5 will concentrate on preparing the joint
publications on bromine trends and an assessment of past, present and projected future
stratospheric halogen loading.
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Global modeling of VSLS, for the past, present and future

IFM/GEOMAR (Mohr/Krueger)
To investigate transport changes in the TTL Lagrangian calculations were carried out for REFB2
simulations from 1990‐1999, 2040‐2049 and 2090‐2090 for different coupled chemistry climate
models (CCMs) within the CCMVal 2 project, including NIWA‐SOCOL (NIWA, Lauder, New Zealand)
and CMAM (CMAM, Toronto, Canada). Furthermore, the MPI‐ESM model from CMIP5 for the
historical run (1990‐1999) and with the RCP8.5 scenario (2040‐2049 and 2090‐2099) was added.

The annual mean Lagrangian Cold Point (LCP) temperature within 5°x5° boxes and the density
(contour lines from 0.1‐ 0.5 %) for CMAM REF‐B2 is shown in Figure 6‐1. The frequency of LCPs shows
the lowest temperatures and highest density over the Western Pacific, both values are decreasing for
the decades 2040‐2049 and 2090‐2090. In the next step changes in the tropical widening is analysed
as well.
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Figure 6‐1: Lagrangian Cold Point temperatures and density distributions of air entering the
stratosphere in CMAM for the period 1990‐1999 (top), and predictions for the future (2040‐2049,
middle; 2090‐2099, bottom).

ULEEDS (Hossaini/Chipperfield)
The University of Leeds (UNIVLEEDS) has performed a range of global model experiments using the
United Kingdom Chemistry and Aerosols (UKCA) chemistry‐climate model (CCM). These experiments
aimed to investigate potential climate‐driven changes to stratospheric bromine loading due to
biogenic very short‐lived substances (VSLS). Time‐slice simulations were performed under projected
2100 conditions. UKCA was forced using two Intergovernmental Panel on Climate Change (IPCC) so‐
called representative concentration pathways (RCPs); RCP 4.5 and RCP 8.5. Our 2100 simulations
indicate a future increase in the stratospheric source gas injection of VSLS relative to a present day
simulation. Figure 6‐1 shows the modelled mean increase in bromoform (CHBr3) at ~17 km.
Our results indicate that complex and competing chemical and dynamical perturbations due to
climate change may impact stratospheric loading of VSLS. Under RCP 4.5, a relatively moderate
climate change scenario, UKCA shows a small CHBr3 increase at 17 km. Under RCP 8.5 (an extreme
scenario) the modelled increase is significantly larger, possibly due to transport changes in the upper
troposphere. For dibromomethane (CH2Br2) (not shown), whose primary loss is oxidation, simulated
changes are highly‐dependent on changes to the hydroxyl radical (OH). The projected 2100 methane
(CH4) abundance, which varies drastically between RCPs, significantly impacts the tropospheric
oxidizing capacity and CH2Br2 lifetime. For further discussion see Hossaini et al. (2012).
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Figure 6‐2: DJF 2100 mean increase in CHBr3 volume mixing ratio (ppt) at ~17 km for (a) RCP 4.5 and
(b) RCP 8.5, relative to present day. For 2100, CHBr3 emissions taken from a present day inventory.
In addition, UNIVLEEDS have also performed a range of experiments using the TOMCAT/SLIMCAT 3‐D
chemistry transport model (CTM). These simulations were designed to evaluate available emission
inventories of CHBr3 and CH2Br2 using a combination of ground‐based and aircraft data. A self‐
contained evaluation of a range of top‐down and bottom‐up derived inventories has been performed
using data from various National Oceanic and Atmospheric Administration (NOAA) ground‐based
stations and also aircraft observations obtained in the free troposphere during SHIVA. Results from
this work will soon be submitted to the SHIVA special issue of Atmospheric Chemistry and Physics
(ACP).

UCAM (Yang/Pyle)
The contribution of VSLS halocarbons to stratospheric bromine budget as well as their effects on
atmospheric ozone has been investigated in a global chemistry‐climate model UM‐UKCA (CheST
version). We found that VSLS bromine can cause stratospheric ozone loss by up to 20% in high
latitudes of the southern hemispheric lowermost stratosphere. Our study indicates that this
significant ozone loss is due to Br‐Cl cross reactions on the polar stratospheric clouds (PSCs);
inorganic bromine may activate inactive chlorine (mainly HCl) on the surface PSCs through
heterogeneous reactions. Significant temperature drops (up to 2 degree Celsius) in associating with
the significant ozone loss are obtained. We also noticed significant increase (several hundred meters)
in height of tropopause and decrease in age of air in the lowest part of the stratosphere just above
the tropopause. The change in atmospheric dynamics is a reflecting of change in the Brower‐Dobson
circulation in responding to changes in stratospheric ozone (see experiment B result in the Figure 6‐
3). A very similar dynamical response to the changes in the SH lowermost stratospheric ozone was
obtained (see experiment A in Figure 6‐3) in an independent experiment with PSCs being artificially
removed in a CheS model version). The detailed results have been included a manuscript in
preparation for publication.

16

SHIVA Newsletter #7

January 2013

Figure 6‐3: Absolute differences in N2O for experiment pair A (left) and experiment pair B (right) as a
function of month and altitude. The N2O is averaged over high southern latitudes.
Our model result indicates that the climate system can be very sensitive to small perturbations in
chemical compounds. Following this pioneer this work, we are currently investigating the sensitivity
of the climate system to perturbations of VSLS halocarbons emissions. A particulate scenario we are
looking at is a warming climate condition, e.g. in year 2100. Model experiments are being performed.
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